-1- Process for the purification of water The present invention relates to
a process for the purification of water and the use of surface-reacted

nat ural cal cium carbonate in such a process. 5 There is a wi de range of
wat er purification techniques that can be used to renove fine solids,

m cro-organi sns and di ssol ved inorgani ¢ and organic materials. The choice
of nmethod will depend aon the quality of the water being treated, the cost
of the treatnent process and the quality standards expected of the

processed water. 10 Fl occul at ippfhedsForthélfheinicalitd iRderi N the purification of
wat er such as industrial waste water or drinking water. Flocculation refers

to a process where dissol ved conmpounds and/or colloidal particles are

removed from t h?héﬂlaééhi iRndidh LIRSS b ApBca fdr RGSrMatiod dfakesad tlhee br m i s
al so used to refer to the process by i¢ch fine E)arti cul ates are 15caused

, wh

to chinp toget hepfapgteactsd nggigal cafgiam pirppnate ihgpch {BCPY gat to the top of the
liquid, settke to the bottomof the Iiquid, or can be readily filtered from
the liquid. Commpn flocculants or ca | apts.used are al um ni sul phate or
pol yal uni ni um cAbs? iS&éf"‘gqj'ﬁ\’E%c. ?Wﬁ?ﬁuﬁﬁ?ﬁ#f’%ﬁ%‘h@?gﬁ? A esus?/%q{) ﬁem\l/t:’g% er to form
fl ocs of al um nifdgRekEs, Myds-erghiens 200 digwlvat inorganit bl cganivinmeeniels Sipounds may

| eave a residue of al.unmniumin the.finish . 4N Lhebe toxic
to humans at hi @WI%?&SH’&%‘? gllh: ‘18?%1.(1 F ﬁhgé%a}h\? %%eé@%%%gg@;%ﬁgd%é‘ﬁsum Chiori de
(PAC), al uni ni umcitmas proasse afdahavpelity stendapis leyreeted ofgbamsoosssehyatet ¢l ust ers of
ions bri dged1 by oxygen atons. PAC is used e.g. for the treatnment of brown
drinki ng wat gr conprising organic materials 25 such as | eaves and/ or

i nor gani ¢ nmt er Fakelatign ks vadely eremoyad i thengifieation obwHP S Indpstdah vasitise t he

brown di scol our gf.j.pf- 4 Yx\?%?{@n Flobriatish SRAGH 8 bloYesRherS Bibbived dpotuisr enove
all brown discolouration fromthe water. Ilron(ll I%ﬂ%&l)orl e i s anot her

common coagul antnd/qreeiinidal particlesarraencd figpythe sgiption 48 BH range than

%|0 umi Ini ? m sul p[lﬁﬁﬁe;?%heaérﬁx iBél%o wed @_(i'&iex?&i@th ' fdaesaawmswmiec@nm]gueg ge )
agul ation with iron conmpounds typic eaves a resjdue irgn in the

fini shed watlér . caedio ghppitogsthprintg Tlggs; @Pﬂf}/%%l‘?‘i‘yetﬁ?'bﬁ‘{ahtg%'%g?pe?f?hea{l 1%maty cause

browni sh settle to the bottom of the liquid, or can be readily filtered from the liquid.

Common flocculants or coagulants used are aluminium sulphate or polyaluminium
chloride (PAC). Aluminium sulphate reacts with water to form flocs of aluminium

20  hydroxide. Coagulation with aluminum compounds may leave a residue of
aluminium in the finished water. Aluminium can be toxic to humans at high
concentrations. In solutions of poly-aluminium chloride (PAC), aluminium ions have
formed into polymers consisting of clusters of ions bridged by oxygen atoms. PAC is
used e.g. for the treatment of brown drinking water comprising organic materials

25  such as leaves and/or inorganic materials such as iron and manganese compounds
which cause the brown discolouration. However, PAC is generally not sufficient to

remove all brown discolouration from the water,

Tron(IIY) chloride is another common coagulant. Iron(IIT) coagulants work over a
30  larger pH range than aluminium sulphate but are not effective with many source
_ waters. Coagulation with iron compounds typically leaves a residue of iron in the

finished water. This may impart a slight taste to the water, and may cause brownish




- 2 - stains on porcelain fixtures. Furthernore, iron(lll) chloride
presents corrosion risks in the water treatnent system Further well-known
adsorbents for the water treatnent based on a high specific 5 surface area
such as activated carbon or bentonite have the general drawback that they
are very difficult to separate after the adsorption of the substance to be
renoved fromthe nmediumdue to their finely divided state Thus,

consi dering the drawbacks of known agents for water purification nentioned
10 above, it is an object of the present invention to provide an inproved
wat er purification process providing for an efficient renoval of water
inpurities. The object outlined above has been solved by a process for the
purification of water, wherein surface-reacted natural cal cium carbonate or
an aqueous suspension 15 conprising surface-reacted natural cal cium

carbonate and hayhd\ ;RrdeldinGxtuds SRfr@ErmolaRoRI) chibiirsats @irod@Gisks s added to
the water to be purified, the surface-reacted natural cal cium carbonate

bei ng t he reactF%H’%W%&ﬁ@Fm%ﬁwﬁmhaturaI cal ci um carbonate with carbon
di oxi de and one or nore acids. 20 The term "purification” is to be

interpreted bro mean e va and/ or ot her
conpounds not t 13?5?%@“? nfﬁﬁgﬁ%?ér eamm&€$&pgrg@% Htreated by the
process of the mﬁﬁ&ﬁmﬁsuﬂmsnMu@mdcmhhuﬂb@mxmmmwtﬂwahﬁmﬁéﬁﬁﬁmﬁﬂﬁf drinking
water, urban M\Ag)t:)gar\é\@éryez fhﬁﬁé’t\{ﬁ?o Spd tor threg&]oéﬁgﬁ EMRE LB StarRE toWehGhovB@V er age

i ndustries or white or waste water, as
wel | as agri cul frmndiemvdsmedmm@wﬁrﬁbedl@dﬁdfsﬁ*&a reacted natural cal cium
carbonate as defined above and further belowis eff|C|entIy adsorblng

organic as well as inorganic iggurltles on its surface
sur f ace- r eact edThust aopsidieriag fhe s %&?ﬁ@ﬁﬁW@mﬁﬁmgg“@?%H”ﬁﬁaﬁﬁémﬁ?ﬂﬁﬁss of the

present invepti gy S iOBE et tRYprdseRGvbdBn & pakidy aalimp@dv&l waercar bonat e wi t h

an acid and with carbon dioxide,
purification process providing for an efficient removal of water impurities.

The object outlined above has been solved by a process for the purification of water,
wherein surface-reacted natural calcium carbonate or an aqueous suspension
15  comprising surface-reacted natural calcium carbonate and having a pH of greater
than 6.0, measured at 20°C, is added to the water to be purified, the surface-reacted
‘natural calcium carbonate being the reaction product of a natural calcium carbonate

with carbon dioxide and one or more acids.

20  The term “purification” is to be interpreted broadly and means any removal of

harmful compounds and/or other compounds not tolerated in the water.

The water preferably treated by the process of the present invention includes
industrial waste water, drinking water, urban waste water, waste water from
25  breweries or other beverage industries or water in the paper industry, be it white or

waste water, as well as agricultural waste-water.

The surface-reacted natural calcium carbonate as defined above and further below is
efficiently adsorbing organic as well as inorganic impurities on its surface.
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5 Preferably, the natural calciumcarbonate is selected fromthe group
conprising marble, chalk, calcite, dolomte, |inestone and m xtures
thereof. In a preferred enbodi nent, the natural cal cium carbonate is ground
prior to the treatnent with an acid and carbon di oxide. The grinding step
can be carried out wth any conventional grinding device such as a grinding
mll known to the skilled person. 10 The surface-reacted natural cal cium
carbonate to be used in the water purification process of the present
invention is prepared as an aqueous sugpension having a pFl, neasured at
20C, of greater than 6.0, preferably greater than 6.5, nore preferably
greater than 7.0, even nore preferably greater than 7.5. As wll be

di scussed bel ow, 15 the surface-reacted natural cal cium carbonate can be
brought into contact with the water to be purified by addi ng said aqueous

suspensi on to t-{e Waleheactel ndt&al@a@ﬁn%ﬂ)%hﬁéﬁ te @sddnglink yrotdse ofxht pbsebthe
aqueous SUSpGnSl on prl or .to it e.g.

d,
by dilution witHveaten sibamed %Faéfmg %?91“5%]r‘fﬁlﬂ“{?eﬁaﬁpona:teh‘glthaanuaé:@l? g (lij; Lg ng nsi on

can be dried angriodh@ionidef ace-reacted natural cal ci um carbonate brought 20
into contact with the water is in powler formor in the formof granules.
In other words, the increase of pHto a value of greater than 6.0
subsequent t§ theﬁtaBEnﬂhe mttn’al calivacdatbonaelis selediaifragi thx Budep fomprigiagied t o

e e on o o LABR.GERCL e ARG TRALRORALEDRY ot i paneld o 2

adsorption prop’fé1 6% ésc preferre rocess for the
preparation of thimdagusdesatsubeéaim eambonpthés Bﬁ%ltndnﬁa?ft@ﬁleé‘ie%@éﬁ“ﬁéﬂat e,

erther finely did fadenditis &&%ﬂ?&’gr%fnggﬂeﬁ'ganb%alﬂ@&outw%h&&ssmmg&ml n wat er.

Preferably, the urry content of natural cal cium carbonate within
tHe range of 1 gWkngdede Wl%s argppdingmak lewp /M skHGPEET0 wt % and even
nore prefergply 5 wt%to 40 wt% based on the weight of the slurry. - 4 -

In a next step, an acid is added to the aguequs suspe nt ai ning the
natural cal ci uﬂ@aﬁ“ﬁﬁéﬁaétedpi‘t@%‘iagwaﬂ{%% q?ed”‘ﬁidgﬁ’ﬁ tfép‘g{ 1 tg)& of 2.5 or

less. If the plgoadss drake fresefd 11ﬁ»léntﬁoﬁi5§preﬂafha afah d]ub(ﬁls pwsﬁérﬂlbabh\yn@eﬂfECt ed from
sul phuric acid, hydrochl er(}? aci d >f< t{)iy r%{ Or %geg a at 25C
is from0 to 2. ?}easﬂﬁéa%?&% ?e?fFré?aé]r AbPiE egrga(tﬁ ff HS0, 1,
H3PO4, oxalic agﬂe@lemanm Ogb'tbhﬁaibrdﬂrtafeﬂblb grekloethan®S5.oks wrﬂbedia@s&sté belaw be added
to the suspensi a trated so | ution.
Preferably, ¢ he&ﬁﬁ‘frgfe Feé‘f al cﬂ‘élurélg?hgxi c’& %br%}x;%}?fn% cgg{a%}ﬁ%t%é;r bonate is
fromO0.05 to 4, wawrte bppx&ffedajohc;dufgrs@lma@eﬂzuStS@S@nSlmoﬂ@ waerdiisabmat i ve, it is
al so possible to a the hERMEI UM

ﬁlg é(anloql %I—Ee%thé]ﬁlemg @\Lsggﬁlfog Eﬁorttéf'ﬁs Jidkieh &) th&@ht

carbonate is sulPg cal ci um carbonate is
treated with catdiempudiicxs. gieby dilitioa “stdllaé(h‘gofab?v@fefs6&%“%31&}11%%19?9“& acid or

hydrochloric ac Lquéngoxlf'(?a%%e fdﬁéd eI'nH Shedbintle 28R Rk calcium carbonate brought
20 into contact with the water is in powder form or in the form of granules. In other
words, the increase of pH to a value of greater than 6.0 subsequent to treatment with
an acid and carbon dioxide is needed to provide the surface-reacted calcium

carbonate having the beneficial adsorption properties described herein.

25 Inapreferred process for the preparation of the aqueous suspension, the natural
calcium carbonate, either finely divided, such as by grinding, or not, is suspended in
water. Preferably, the slurry has a content of natural calcium carbonate within the
range of 1 wt% to 80 wt%, more preferably 3 wi% to 60 wt%, and even more
preferably 5 wt% to 40 wt%, based on the weight of the sturry.
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15 of the natural cal cium carbonate, the carbon dioxide is automatically
formed. Alternatively or additionally, the carbon dioxide can be supplied
froman external source. Acid treatnent and treatnent with carbon di oxi de
can be carried out simultaneously 20 which is the case when a strong acid
is used. It is also possible to carry out acid treatnent first, e.g. with a
medi um strong acid having a plc, in the range of 0 to 2.5, followed by
treatment with carbon dioxide supplied froman external source.
Preferably, the concentration of gaseqys carbon dioxide in the suspension
is, internms 25 of volune, such that the ratio (vol une of
suspension): (vol une of gaseous CQ2) is from1:0.05 to 1:20, even nore
preferably 1:0.05 to 1:5. In a preferred enbodi nent, the acid treatnent
step ancUor the carbon dioxide treatnent step are repeated at | east once,

mor e pref erabl yj,$6¥aRb, dnlaBR % added t6 tire 2PLIBEEARAI0 @nhifithgaiei meitutal eat ment  and
carbon di oxi de treatnent, the I

: pH of the aqugou nsi on ed at
20C, natural |y GeliEhesbogatg direferally, ﬂ@ﬁ*’é’é@ﬁ@? ap %aéﬁtjfsfagroge Sr'%lfggceyﬁ%%{eat er than
6.5, nore prefesfpblyn Gnesirs acidiapeRraly seieed fimn sulpnet erdbydrogplosiat er t han
7.5, thereby preparing the surface-reacted patur ! nate as 5
an aqueous susp%ﬁ%?%mmW§§ﬂﬁ6m§I%ﬁ?B$“€§%§?%§m?Hﬁ%i%sg%ggggkgég' y greater
than 6.5, noge Rleberahlsgs, 88061 HiftaoxaliOgcidwanxtmes heofeTherarbby gr eat er
than 7.5. If the aqueous,K suspepsjon is.allowed a ildePrium the pH
is greater than™¥® ﬂgsp‘ian? aCBiF‘gE?tt FUBRTARC B Can tgaégdzsg%ﬁ%tgg v(\%rt hout the
addition of a bgimedebiatons Picferibiyg the inold eatinqiithe usid Butbpratisalgplciv® cont i nued for
a sufficient ti ri fer 149210 hours, nore preferably
1 to 5 hours. A§$%$§3P?%@T§§§%%?%§% g%?gg%ﬁ?%g'eguilibriunl whi ch occurs at
a pH greater than 7, the pH of the aqueous suspension may be increased to a
val ue greatey that adg RA%80 JHDRERHERNS Wat& BEBRNMNHaNII de
treat ment. igy %%ﬁV%ﬁ%%%ﬁé'k%%giosuchoas sodi um 15 hydr oxi de or potassium
hydr oxi de can U@kmsedﬁmmﬂﬁwﬂvh@nﬁﬁocess st eps descri bed above, i.e. acid
treatnment, treatnment with carbon dioxide and pH adjustnent, a

surface-react ed natural calciunlcarb%%gte IS oQ%aineth%viﬁgI god
adsor ption propbraresisipeite prteakfaloiupscahongte sdreptad,wih arbonidioaxidb-IFs o i ch

strong acid such as sulphuric acid or hydrochloric acid is used for the acid treatment

15  ofthe natural calcium carbonate, the carbon dioxide is automatically formed.

Alternatively or additionally, the carbon dioxide can be supplied from an external

source.

Acid treatment and treatment with carbon dioxide can be carried out simultaneously -
20  which is the case when a strong acid is used. It is also possible to carry out acid
treatment first, e.g. with a medium strong acid having a pK, in the range of 0 to 2.5,

followed by treatment with carbon dioxide supplied from an external source.

Preferably, the concentration of gaseous carbon dioxide in the suspension is, in terms
25  of volume, such that the ratio (volume of suspension):(volume of gaseous CO2) is

from 1:0.05 to 1:20, even more preferably 1:0.05 to 1:5.

In a preferred embodiment, the acid treatment step and/or the carbon dioxide

treatment step are repeated at least once, more preferably several times.
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20 m ght be present in waste water. Further details about the preparation
of the surface-reacted natural cal cium carbonate are disclosed in WO
00/39222 and US 2004/0020410 Al, wherein the surface-reacted natural

cal cium carbonate is described as a filler for paper manufacture, the
25content of these references herewith being included in the preéent
application. In a preferred enbodi nent of the preparation of the
surface-reacted natural calcium carbonate, the natural calcium carbonate is
reacted with the acid and/or the carbog_dioxide in the presence of at |east
one conpound sel ected fromthe group consisting 30of silicate, silica

al um ni um hydroxi de, earth alkali alumnate such as sodiumor - 6 - ,

pot assi um al um nate, magnesi um oxide, or mxtures thereof. Preferably, the
at |east one silicate is selected froman alumniumsilicate, a calcihm

silicate, O anggarbiyfl di@hdd Wkiht Sitlchibai GoxidtRsenesomppHents can be added

t o an agueous suspensi on conpri sw(r;gﬁf&e nat B,r %%Pcal c@ig(r% ca;b nag e before

addi ng the aci cRaueP¥S HISPPEPBHARFISHH napgrplly RAgh s Fap &SI ¢at e and/ or

?ria Ig |ng gi 321 dg or . aﬂr&;gjaaylgma{&ytﬁa@&B,dﬁ)trlapkdfgﬁbly%watehthmi k0| everaharepmafetablyand/ or
xi de conponent (s). can be added to th '
At al - Gal of ureRT BERA e MY BoppEs PeaErru R R S SHERRRSLCN o
gg{ b_olnat ebvvl 5[ htaﬁ,mqa&hﬁs@mgﬁrahabmg aghHofigebetehthan @O, pecfablsgreatar ddn 6Fur t her
ail's abou e pr ration of .t t | ci

carbonate in tH&H PELaTLLeSs eréé)anﬂéogg‘feﬁ o gealg%{aﬁlgg’%%grnt iy gf:ﬂiwlc ca and! or

S! uni ni um hydr caquetes ausgénsion éeatlowedeth ke equiligrivmadhertbis gsaieehtn s ) PR d

| scl osed i n W0, 2004 R33Pchl pe hdihsel YR ncOliaibl & odc@ERARrHAT G L bel ng

i ncluded in the*present application surface-reacted nat i
: u
carbonate can beukepsuspensionsyrentiuehior & pfficiens fimg period, preferably?hour to OaI cal ci um

10  hours, more preferably 1 to 5 hours.

Alternatively, prior to reaching equilibrium, which occurs at a pH greater than 7, the
pH of the aqueous suspension may be increased to a value greater that 6 by adding a
base subsequent to carbon dioxide treatment. Any conventional base such as sodium

15  hydroxide or potassium hydroxide can be used.

With the process steps described above, i.e. acid treatment, treatment with carbon
dioxide and pH adjustment, a surface-reacted natural calcium carbonate is obtained
having good adsorption properties for organic as well as inorganic impurities which

20  might be present in waste water.

Further details about the preparation of the surface-reacted natural calcium carbonate
are disclosed in WO 00/39222 and US 2004/0020410 A1, wherein the surface-
reacted natural calcium carbonate is described as a filler for paper manufacture, the

25  content of these references herewith being included in the present application.

In a preferred embodiment of the preparation of the surface-reacted natural calcium
carbonate, the natural calcium carbonate is reacted with the acid and/or the carbon
dioxide in the presence of at least one compound selected from the group consisting

30 ofsilicate, silica, aluminium hydroxide, earth alkali aluminate such as sodium or




further stabilised by a dispersant. Conventional dispersants known to the
skill ed person can be used. The di spersant can be anionic or cationic. A
preferred dispersant is polyaciylic acid. 20 Alternatively, the aqueous
suspensi on descri bed above can be dried, thereby obtaining the
surface-reacted natural calciumcarbonate in the formof granules or a
powder. 25 In a preferred enbodi nent, the surface-reacted natural calcium
carbonate has a specific surface area of from5 n2/g to 200 n2/g, nore
preferably 20 n2/g to 80 nR/g and evengnore preferably 30 n2/g to 60 n2/g,
measured using nitrogen and the BET nethod according to 180 9277. - 7 -
Fuithernore, it is preferred that the surface-reacted natural cal cium
carbonate has a nean grain dianeter of fromO0.1 to 50 wn, nore preferably
fromO0.5 to 25 win, even nore preferably 1 to 10 wn, neasured according to
the sedi nent at i go,iRkNAGinald) SraREiuRRRIIE 0k BikniFey therebf] Pefamblaniad 3 &hs  Of

sedi nentati on behaviour in a graviqetric %.field . Th JTeasur enent i s made
with a Sedi gr apPrvilseigds sskectid o Applpminpa slicatera BIshE BEPSoF 48 FOR. The net hod
and the instrunmgmili @& sKIRMATHR chbiporsht baned agdied s0m aguedussugpenstmmonl y used to

determ ne grain size of fillers.and pi S. .&he r is carried
out in an aqueoGERBiNgthe m@?"%‘f“imW&n%ﬁ”ﬁ%ﬁfflm%%ggc?n% eg&\?\%’rn e di spersed

using a highsspewpsidstirrer and supersonic. 10 In a preferred enbodi nent,
the surface-reacted natural cal cium carbonate has a specific surface area
within the range of 15 to 200 nR/g and a nean grain dianmeter within the
range of 0.1 toABGmnatinelyMbe silipatedndiongiliop and/preeluspinipmydoxidg mdleecaitea is within
the range of 20 fg. 8 - ' PR HE ddeStohd AQhddusdim r ange
of 0.5 1to 15 253%%%g%@%%é%%?gqﬁ?§§$?§%95?&?ﬂgmggggﬁfic surfaé@ area is
Within the rangeuspénsi@nof eptad cpipiue cahepatyehilehercaghon o neiral B i s within the
range of 0. %t 0 Fd AR-wilhinbAE oY QRBS GioRlic hARIPUL BER. Fuiti@ bRl tbodthe
surface-reacted natural cal cium carbonate is i cont act with the

br ought Lnbg
water to be pur theipegparationpf thefuriacersagipd Rl SalGHMEPTOoBE 1f e RIEHE W

i
er, urban
waste water, wagd.g onediffate 180t iR WRIbr@findiiug hiikéxidreméoageh ilkadust ri es or

Bar i cul tural vasemmRsamrpe e dsrbe BACTRE Bt e o1 oo
person. reference herewith being included in the present application.
15
The surface-reacted natural calcium carbonate can be kept in suspension, optionally
further stabilised by a dispersant. Conventional dispersants known to the skilled
person can be used. The dispersant can be anionic or cationic. A preferred dispersant
is polyacrylic acid.
20
Alternatively, the aqueous suspension described above can be dried, thereby

obtaining the surface-reacted natural calcium carbonate in the form of granules or a

powder.

25  Inapreferred embodiment, the surface-reacted natural calcium carbonate has a
specific surface area of from 5 m?/g to 200 m’/g, more preferably 20 m?/g to 80 m*/g
and even more preferably 30 m?/g to 60 m’/g, measured using nitrogen and the BET

method according to 1SO 9277.




The surface-reacted natural cal cium carbonate can be added as an aqueous
25suspensi on, e.g. the suspension described above. Alternatively, it can be
added in solid form e.g. in the formof granules or a powder or in the
formof a cake. Wthin the context of the present invention, it is also
possi ble to provide an i mobil e phase conprising the surface-reacted
natural cal cium carbonate, the water to be purified running through said

i mmobi |l e phase, e.g. in the formof a cake or layer, conprising - 8 - the.
surface-reacted natural cal ciumcarbonate, the water to be purified running
t hrough said i mobil e phase. This will be discussed in further detai

bel ow. In a preferred enbodi nent, the pH of the water to be treated is
adjusted to a value of 5greater than 6.0, nore preferably greater than 6.5,
and even nore preferably greater 'than 7.0 prior to the addition of the
surface- reaCtedF&ﬁkﬁhﬂ@Mﬁ@&&%&ﬂh&uﬂB&ﬁhﬁéaﬁthmhMEcﬂumhamﬂmmgﬂmsed nat ur al

cal cium carbonate iIs suspended in the wate ag| % ald on nmeans. The
anount of surfa@éanr%ﬁﬁt"éﬂetﬁeﬁf@r"ﬁ'io]ctﬁlsef‘{ﬁ‘rﬁnﬁrﬁlpf%e %‘i’%y AKEHEL R the type

of water to be Hﬁﬁﬁ}r&galﬁgl WOlpna%lerﬂreﬁ Rsotdii8o &B@ed&ﬂ@wﬂbn mf:thcbd”rfﬂhn’ ities.
Preferably an anou

-%. prefer gg \ﬁ gﬁp pm 0.5 w.%
nore pref er abl yscd®gEnisgen m? ﬁwﬁlygmﬁsa @efri%zei’ Wi BEVPRIEi | m
carbonate, bgsede@nryeARadRi@htis AhdedWia asligraph'Y she) dMdiabmeiiticss added. 15 The

wat er may contain organic i mpur in wast e,
organi c materi af$tru 95‘?Fom%rﬁ‘r‘qnargfedﬁ"tt@dégd&Ef’?sm’é%en%aﬁ%gmgﬁ?gh?gn%%pl ties, in

particul ar heav ermhtaﬂdl ark ORhhbly @8d Buleferndise graiokize offillemnydpigsetdht ai ni ng

conmpounds. onents that can be.r o erHeLEheM th the
purificati on pr 8’6@%“?“’8@“? HLehPRIRAL a"iu?lo\}lé?ffl‘lltgﬁ%g gg’ftl %?P%(?ie m cr ggr gani sm

such as bact eri aerefdispgied uaing hhigh speed stipeodnid sestso®© Furt her har nf ul

subst ances igch as pol ycyclic conpounds, cholesterol, or endocrine

di srupti ng npounds (EDCs), such as e.g. endogenous horm)nes such as 1713-
estradiol (E2), hcspreionel duifiodimenisthe pusfaceEayed neweal epleiwn eaeonde hsichy dr o

t est osterone; ph nBra5d b BSiBath dia@esi St ei n,

dai dzei n or zera‘%@té%ﬁg‘ﬂg'rcg%g&g%mg%gge %g%eﬁ?l n%l est raélleggl (aEEZ ., nest ranol
(ME), diethyl st mltbgg}nerr@:ige(ofgg)o 5044mg| More preferably, the specific surface area 18 w Hin

the range of 20 to 80 m %/g and the mean grain diameter is within the range of 0.5 to

15 25 um. Even more preferably, the specific surface area is within the range of 30 to 60

m?/g and the mean grain diameter is within the range of 0.7 to 7 um.

In the process of the present invention, the surface-reacted natural calcium carbonate
is brought into contact with the water to be purified, e.g. industrial waste water,

20  drinking water, urban waste water, waste water from breweries or other beverage
industries or water in the paper industry, be it white or waste water, as well as

agricultural waste-water by any conventional means known to the skilled person.

The surface-reacted natural calcium carbonate can be added as an aqueous

25  suspension, e.g. the suspension described above. Alternatively, it can be added in
solid form, e.g. in the form of granules or a powder or in the form of a cake. Within
the context of the present invention, it is also possible to provide an immobile phase
comprising the surface-reacted natural calcium carbonate, the water to be purified

running through said immobile phase, e.g. in the form of a cake or layer, comprising




i ndustrial chem cals such as 4-nonyl phenol (NP), 4-tert-octyl phenol (OP),
bi sphenol A (BPA), tributyltin (TBT), nethylnmercury, phthal ates, PAK or
PCB. - 9 - Furthernore iodised contrast agents for X-ray-analysis e.qg.

i oxi thal amate, fluorochinol ones |ike ciprofoxacine and antibiotics |ike
macrol i des and sul fonam des can be renoved by the process of the present
invention. 5 It has also been found that surface-reacted cal cium carbonate
very efficiently adsorbs activated carbon powder alone as well| as activated
carbon powder which has al ready adsorbgd substances. As outlined above,
activated carbon is a well-known potent adsorbent, having however the
drawback that the adsorption very often is not very fast and that its
removal fromthe mediumto be treated is very difficult due to its fine 10
division in the medium The resulting conposites, however, conprising

surface-reactedyc QJrJI‘EIJ: Q?e%rngﬁﬁ%a%mn@&atrﬁoﬁﬁ% agk WAoo purified ruﬁr]ﬁhg onal ly,
f.urt her substances ﬁ(

ties adsorbed to t%@hc%rbﬁg surface, can be
easi |y separat efdimflghﬁmdtlm@ Ié‘ﬁsetrf)h’so‘élnﬁ?ﬁ dispysgsg in fgtheridgtal], elovy
surface-reacted cal cium carbonate together with activated carbon on the one

hand provides for a very efficient sor n, of urities, as the
subst ances nentméd@ﬂ65660@“h%?“ﬁ%@*ﬁ&% %ﬁ? %d&%i%?”%ﬁ““ﬁ%ﬁé?@?gs of both
of the adsorbentatertind 6Q)nm61|%@r&éribey’ grmmaam sridenal thre profsrablyesseatds e
removabi lity of actjvated, 20 or.m therewith, also
if it has aIrea@?1§%H§F§H@%§wﬂ?“§me eagﬁeat%ﬁ%%gﬂﬂ%ﬁ%ﬁﬁied above as
inpurities, adsorbed onto |ts surfaces resulting in a further inproved
removal of inpu ] L&LAGk R BEhYRERr,

sur f ace-r eact edf;rS%fagﬁ'ut?h eorr?a e an%qg%&l?r{l/garb% car oﬂr? the resulting
conposi tes bei ngg. e)asagltdyloxsmws abe m@mb@iﬁsvﬁ@eﬁ@fﬁ’@é!}%mfﬁbﬁicﬂlﬁ% cathgnaiq t hj s
respect 1t h§ eSS s%ll h\étﬁ)’égfﬁ{u&ngétp@kdw@el%tdnﬂﬂat%aﬁ@ﬁrﬂ&iﬂtﬁs added to

the aqueous "nedi dition of the sg% glj éeactgg at ur al
cal ci um car bonatne)urltllqs Rrhﬁe@b@%e@?‘}%ﬂfi 0 ppRg 15tih % BRERRY APEPR S ERT Al 1y first

adsorbed to theq; x'e&?éféﬁoh‘?@dog)% 31000 by siresbkdabBgnaaiRalshiaibenass sent i al | y
subsequently adsb he surf c (§ cted cal ci um carbonate

provi di ng for aﬁmﬂhwﬂ@V§ﬂ@ﬁéﬁ@9&%@T?P?“ﬁ#e i vated carbon, and the
inpurities attached thereto, respectively.

15 The water may contain organic impurities, e.g. resulting from human waste, organic
materials, soil, surfactants as well as inorganic impurities, in particular heavy metal
impurities such as iron- or manganese-containing compounds. Harmful components
that can be removed from the water with the purification process of the present
invention also include microorganism such as bacteria, fungi, archaea, or protists.

20
Further harmful substances such as polycyclic compounds, cholesterol, or endocrine
disrupting compounds (EDCs), such as ¢.g. endogenous hormones such as 17f-
estradiol (E2), estrone (E1), estriol (E3), testosterone or dihydro testosterone; phyto
and myco hormones such as B-sitosterol, genistein, daidzein or zeraleon; drugs such

25  as 17a-ethinylestradiol (EE2), mestranol (ME), diethylstilbestrol (DES), and
industrial chemicals such as 4-nonyl phenol (NP), 4-tert-octyl phenol (OP), 4
bisphenol A (BPA), tributyltin (TBT), methylmercury, phthalates, PAK or PCB.



Any activated carbon known in the art can be used in the process of the
present 5 invention. Exanples of activated carbons useful in the present
invention are e.g. available from Fluka, such as article No. 05112 (p.a.
for gc; grain size 0.3 to 0.5 nm bulk density 410 kg/nB), from Al drich
such as article nunber 484156 (gl assy spherical powder, grain size 10 - 40
pm, from Sigma-Aldrich such as article No. 242276 (Darco(r) 0-60, powder,
-100 nesh particle size); fromRi edel -de Haen 10 (article No. 18002,
puruna, granul ated), or Lurgi HydrafingCC 8 x 30 (Donau Carbon GrbH & Co.
KG Frankfurt am Main, Gernmany) or activated carbon available from Fl uka
(article No. 05112). For exanple, the activated carbon particles can
have a grain size of 0.1 fina to 5mm 15 preferably 10 gmto 2 mm 0.1 mm
to 0.5 M e.g. 0.3 mMm Preferably, the weight ratio of the surface-reacted
natural cal ci U%@gml%a&fais&pcgga& Akt Kﬁ_t}@ﬁ?r-ﬁﬁdlﬁﬁ&.gl Boxftiatiale; 1 to 100: 1,

o ;

more preferably Tfromb5:1 to 80:1, especially 10:1 to.é%:l o 20:. Lo 50:1
e.g. 30:1 or 40fluprochigolopssilispeipiofpxacingdng pribioticslikeduaciolides §nd PRI o
sanpl e to be trgatetmottiesandprodts dftelpudentagemtoa. f or pH adj ust ment and
conventional flocculants such as polyalum niumchloride, iron chloride or

al um ni um sul phate. 25 In a preferred enbodi nent, a natural cal ci um
car bonat e whi ¢ hyt hasiso Otenio@id tit s cereitachethmerdesge rirpefficianadsortts added as
s been

wel I After the ad ?Jbﬁtg ipé)gqegglo%e a?rsrﬁvlelé %%%L&éf&rboﬁ gﬁ\na/.{e?%mcﬁ ila{}gt_lrgaqu osite

can be separ at e¥f'f# y convent | separ at | on” means
known to the skidsbreel spbstmoes. 30euliied alwve.adiivatedtcarbproi a aetkpewn po2f on. I n an

al ternat i ve apbraaghy LG, bialthd SeBoPid dd &l Sores{fkalilnn passed thmigh
a perneabl e filfef c%nprl%lng he surface-reacted natural calcjium carbonate
and bei ng capabfagt aod thetgtsaémivakfronythg msflipe te ke treptaddnvery gEicplhdig e 145 € on t he

filter surfq&e @ﬁm%@ﬁnﬁbﬁ&ﬂM¥d i s passed through by gravity and/or under
vacuum and/ or under pressure. This process is called "surface filtration".

in another preferred techni que known as depth filtration, a filtering aid

conpri sing of arfaBemeQbmpRilsIRHRvRARSRBEES Sikfadaeddtdigaldiuanaibetatgnd
configuration retains %0 I npurities

by no| ecul ar and/ or el ectr.igal forces
adsor bi ng t he i#ﬁMﬁﬁV@@@ndﬁﬁdeﬁ@“%6?%55%$$@§8ﬁ&§“ﬂ%?ﬁ?%?m%'?%?gﬁ1carbonate
whi ch is presentypntsicite cah Bt RaissRERaed fot{heiwaly totieperifiedc| usi on, retai ni ng
the inmpurity particles if they are too large to pass through the entire
filter |ayerdthickness.
The use of surface-reacted calcium carbonate together with activated carbon on the

one hand provides for a very efficient adsorption of impurit_ies, such as the
substances mentioned above, by the excellent adsorption properties of both of the
adsorbents, and on the other hand additionally improves the removability of activated
20  carbon by forming composites therewith, also if it has already substances, e.g. the
substances mentioned above as impurities, adsorbed onto its surfaces, resulting in a
further improved removal of impurities due to the synergistic interaction between
" surface-reacted calcium carbonate and activated carbon, the resulting composites
being easily separable from the aqueous medium.
25
In this respect it is especially preferred that the activated carbon is added to the
aqueous medium prior to the addition of the surface-reacted natural calcium
carbonate. In this embodiment, the substances are essentially first adsorbed to the

activated carbon and the resulting composite is essentially subsequently adsorbed by




15The techni ques of depth filtration and surface filtration may

additional ly- be conbined by |ocating the depth filtration |ayer on the
surface filter; this configuration presents the advantage that those
particles that m ght otherw se block the surface filter pores are retained
in the depth filtration layer. 200ne option to introduce a depth filtration
| ayer onto the surface filter is to suspend a flocculating aid in the
liquid to be filtered, allowing this aid to subsequently decant such that

it flocculates all or part of the irrpt_JE'_ties as it is deposited on a
surface filter, thereby form ng the depth filtration layer. This is known
as an alluviumfiltration system Optionally, an initial |layer of the depth
filtration material may be 25 , pre-coated on the surface filter prior to
commencing alluviumfiltration. The follow ng figures, exanples and tests
Wil illustrate.t sqx?fa&[rgfc?e%tfafcﬂée%b% pl‘pﬁain?fo‘? arﬂf?ﬁfprdv@@ RAeMitpodthdri t the
invention in any Way. - - scription of the figures: Figure 1 shows
the adsor pti on dotatedicarben, ehd thy imparitics pitpeded theigioptBPeEVSRCC for di f f er ent
equilibration tinmes. 5 Figure 2 shows the adsorption isotherns for the
adsorption of 17a-ethinyl estradi olon SRCC, act.ivated ca gon and manganese
di oxi de in ter nnyoktivad cagepioad 1&%5%5%&“%{]}?@%?358% oPE&At. 10 Figure

3 shows the @dsgydition Bxdnsse bt OsarboneuRels orid presentdfiveitim-aetdd. nyl est r adi ol

on SRCC, activated carbon and nganese dioxide.in. ter dsor bed
amount per surfaé(é‘éi‘bgrf@é“%lf’kaaﬁ?g?%%ﬂ‘g‘? 0 Oq’!lﬁélf"ﬁuflpreg%%rgﬁlg\%g%ﬁ&e&%gﬁi dity

reduction by thguagdserpid egndy fraatildihedhea rdtiol niyypbet 38RO gisfyur e 5 shows a

SEM image of act}vated carBo sze 1040 ym), from Sigma-Aldrich such as article No.

242276 (Darco® G-60, powder, -100 mesh particle size); from Riedel-de Haen

10 (article No. 18002, purum, granulated), or Lurgi Hydrafin CC 8 x 30 (Donau Carbon
GmbH & Co. KG, Frankfurt am Main, Germany) or activated carbon available from

Fluka (article No. 05112).

For example, the activated carbon particles can have a grain size of 0.1 pm to 5Smm,

15 preferably 10 pm to 2 mm, 0.1 mm to 0.5 mm, e.g. 0.3 mm.

Preferably, the weight ratio of the surface-reacted natural calcium carbonate to the
activated carbon is from 1:1 to 100:1, more preferably from 5:1 to 80:1, especially
10:1 to 70:1 or 20:1 to 50:1, e.g. 30:1 or 40:1.

20
Optionally, additives can be added to the water sample to be treated. These might

include agents for pH adjustment and conventional flocculants such as

polyaluminium chloride, iron chloride or aluminium sulphate.

25  Ina preferred embodiment, a natural calcium carbonate which has not been surface-

reacted as described above is added as well.

After the adsorption has been completed, the resulting composite can be separated
from the water sample by conventional separation means known to the skilled person

30  such as sedimentation and filtration.




Figure 6 shows a SEM i nage of activated carbon and the SRCC. 20 Figure 7
shows an enl argenent of Figure 6. EXAMPLES. 25 The type and ampunt of
inmpurities which are present in the water sanples before and after
treatment according to the process of the present invention were determ ned
using Optima 3200 XL | CP-CES instrunentation from Perkin-Elner. The sanples
were directly analysed followng treatnent with SRCC. Examne 1 I n
exanple 1, the adsorption capacity of the surface-reacted natural calcium
Scarbonate with regard to different heayy netals is deteimned. 500 g of a
heavy metal solution, containing 5 ppm each of cadmium chromi um copper,
nmercury, nickel, and |ead was stirred for 15 mnutes with 3% (w w4
surface-reacted natural cal cium carbonate. The solution was |left for 24
hours at pH 10 11.5 and the upper liquid phase was anal ysed with ion
chromat ogr aphy (Di onex DX 120 |on-Chronatograph). The surface-reacted

nat ural cal ci um carbonate was prepared as follows: 15 A finely divided
natural cal ci umMneanbomiive apreagh, tietlianig t¢ bomitiedly preforabligessehioough & pended t o

achi eve a suspefs] i 0 i aht: ™
slurry thus f On;{):'% %%lseqiuﬁwp%%@te Shr¥acd Rad@nawedl 9h1EinQ barBdnte ARd Befiig. e

[<] . d by slow additio f phosphgoric acid at a
tenperature of eapphlond rerainiaBy Vit exdyfian. the dppurifigs ﬂ?rtgevqﬁﬁégggi?%ﬁgﬁct featuring
a BET specific gid Rpasar@dud bydpavith bRt/ @6k tholgn bai/dr Salles bassaer Thi®2777, and

an 20 approxi mate nunber avera j ' [
an 20 ngp processiscalled“surfracegfﬁtraq{o%@t er of 10 microneters estimted from

In another preferred technique known as depth filtration, a filtering aid comprising of
a number of tortuous passages of varying diameter and configuration retains

10  impurities by molecular and/or electrical forces adsorbing the impurities onto the
surface-reacted natural calcium carbonate which is present within said passages,

and/or by size exclusion, retaining the impurity particles if they are too large to pass

through the entire filter layer thickness.

15  The techniques of depth filtration and surface filtration may additionally be ;
combined by locating the depth filtration layer on the surface filter; this

configuration presents the advantage that those particles that might otherwise block

the surface filter pores are retained in the depth filtration layer.

20  One option to introduce a depth filtration layer onto the surface filter is to suspend a
flocculating aid in the liquid to be filtered, allowing this aid to subsequently decant
such that it flocculates all or part of the impurities as it is deposited on a surface
filter, thereby forming the depth filtration layer. This is known as an alluvium
filtration system. Optionally, an initial layer of the depth filtration material may be

25  pre-coated on the surface filter prior to commencing alluvium filtration.

The following figures, examples and tests will illustrate the present invention, but are

not intended to limit the invention in any way.



el ectron mcroscope i mages obtained using a LEO 435 VPe scanning el ectron
mcroscope. - 14 - Table 1: Treatment of heavy netal ion solution wth
surface-reacted cal cium carbonate Anount of cadm um (Pl un) Anmount of

chrom um (ppm) Anount of copper (ppn) Amount of nercury (pPn) Amount of
ni ckel (ppm Anmount of |ead (ppm) Untreated solution 5.0

-12 -

Description of the figures:

Figure 1 shows the adsorption behaviour of 17a-ethinylestradiol on SRCC for

different equilibration times.

Figure 2 shows the adsorption isotherms for the adsorption of 170-ethinylestradiol on
SRCC, activated catbon and manganese dioxide in terms of the adsorbed
amount per amount of adsorbent.

10  Figure 3 shows the adsorption isotherms for the adsorption of 170~ethinylestradiol on
SRCC, activated carbon and manganese dioxide in terms of the adsorbed

amount per surface area of adsorbent.

Figure 4 shows the turbidity reduction by the adsorption of activated carbon by
15 SRCC

Figure 5 shows a SEM image of activated carbon.

Figure 6 shows a SEM image of activated carbon and the SRCC.

20 ,
Figure 7 shows an enlargement of Figure 6.
EXAMPLES:

25

The type and amount of impurities which are present in the water samples before and
after treatment according to the process of the present invention were determined
using Optima 3200 XL ICP-OES instrumentation from Perkin-Elmer. The samples

were directly analysed following treatment with SRCC.




5.0 5.05.05.05.0 Solution after treatnent <0.1 <0;1 <0.1 <
Sedi rent obtained after treatnment 2.6 2.5 3.2 ' 7 ' 0-10.5 <01

-13-

Example 1

In example 1, the adsorption capacity of the surface-reacted natural calcium

5  carbonate with regard to different heavy metals is determined.

500 g of a heavy metal solution, containing 5 ppm each of cadmium, chromium,
copper, mercury, nickel, and lead was stirred for 15 minutes with 3% (w/w%)
surface-reacted natural calcium carbonate. The solution was left for 24 hours at pH

10 11.5 and the upper liquid phase was analysed with jon chromatography (Dionex DX
120 Jon-Chromatography).

The surface-reacted natural calcium carbonate was prepared as follows:

15 A finely divided natural calcium carbonate originating from Omey, France, was
suspended to achieve a suspension of approximately 16 % by weight of dry matter.
The slurry thus formed is then treated by slow addition of phosphoric acid at a
temperaturé of approximately 55°C, sufficient to provide a product featuring a BET
specific surface area of 35 m?/g according to ISO standard 92777, and an

20  approximate number average diameter of 10 micrometers estimated from scanning
electron microscope images obtained using a LEO 435 VPe scanning electron

microscope.




2.1 3.7 2,6 It is obvious that the surface-reacted natural cal cium
carbonate was able to reduce 5 cadm um chrom um copper, nmercury, and |ead
very efficiently. Fromthe originally dissolved 5 ppm less than 0.1 ppm
was recovered in the treated sanple. For nickel, 90% of the starting anmount
of 5 ppm was adsorbed and thus renoved fromthe solution. 10 Exanple 2 In
Exanpl e 2, the adsorption capacity of the surface-reacted natural calcium
carbonate with regard to mcroorganisms is determned. 15 A bairn
suspensi on of 100 ppmwas used with a_germcount of 6 * 105 cfu/cnB. In a
first experinent, the barm suspension was filtered through a blue band
paper filter. In a second experinent, the suspension was filtered through a
| ayer made of the surface-reacted natural calciumcarbonate, the |ayer
having a dianeter of 90 mm and a thickness of 30 nrm 20 - 15 - Two sanpl es

vere tested andrgfondathdhiE A el ERH L}Jlﬁtldﬁ'vhﬁih Orfite Do ted tdldim

surface-reacted natural cal cium carbonat e:

carbonate
Amount |Amount of [Amount |[Amount |Amount |Amount
of chromium |of copper |of of nickel |oflead
cadmium |(ppm)  |(ppm) |mercury |(ppm) |(ppm)
(ppm) (ppm)

Untreated |50 5.0 5.0 5.0 5.0 5.0

solution

Solution .

after <0.1 <0.1 <0.1 <0.1 0.5 <0.1

treatment

Sediment

obtained 126 2.5 3.2 2.1 3.7 2.6

after

treatment

It is obvious that the surface-reacted natural calcium carbonate was able to reduce

5 cadmium, chromium, copper, mercury, and lead very efficiently. From the originally
dissolved 5 ppm, less than 0.1 ppm was recovered in the treated sample. For nickel,
90% of the starting amount of 5 ppm was adsorbed and thus removed from the

solution.

10  Example 2

In Example 2, the adsorption capacity of the surface-reacted natural calcium

carbonate with regard to microorganisms is determined.

15 . A barm suspension of 100 ppm was used with a germ count of 6 * 10° cfu/cm®. Tn 2
first experiment, the barm suspension was filtered through a blue band paper filter. In
a second experiment, the suspension was filtered through a layer made of the
surface-reacted natural calcium carbonate, the layer having a diameter of 90 mm and
a thickness of 30 mm.

20

The surface-reacted natural calcium carbonates was prepared as follows:



A finely divided natural cal cium carbonate originating from Oy, France,
was suspended to achieve a suspension of approxinmately 16 % by wei ght of
dry matter. The slurry thus formed is then treated by sl ow addition of
phosphoric acid at a tenperature of approximtely 55C, sufficient to
provi de a product featuring a BET 10 specific surface area of 35 nR/g
according to |1 SO standard 92777, and an approxi mate nunber average di aneter
of 10 micronmeters estimted from scanning el ectron nicroscope i mages
obt ai ned using a LEO 435 VPe scanni ng q%ectron m croscope. 15 Second
surface-reacted natural calciumcarbonate: A frely divided natural cal ci um
carbonate originating from Ml de, Norway, was suspended to achieve a
suspensi on of approximately 16 % by weight of dry matter. The slurry thus
formed is then treated by sl ow addition of phosphoric acid at a 20
tenperature of approximtely 55C, sufficient to provide a product featuring
a BET specific surface area of 50 nR/g according to |SQ standard 92777, and
an approxi mat e ﬁwmml%wm%dc}f‘%?ﬁé‘(lé‘?d thy sepig r?ﬁ”gsr‘ﬁlﬁ‘%?% % estimted from
scanni ng el ectron mcroscope images obtained using a LEO 435 VPe scanning
el ectron m croscope. 25 The results are shown in Table 2. - 16 - Table 2
Filtration of baiStpHIGESK inghirl galelun 2Cerent filter naterlals Germ
count of suspension (cninﬁ)

A finely divided natural calcium carbonate originating from Omey, France, was
suspended to achieve a suspension of approximately 16 % by weight of dry matter.
The sturry thus formed is then treated by slow addition of phosphoric acid at a
temperature of approximately 55°C, sufficient to provide a product featuring a BET
10  specific surface area of 35 m?/g according to ISO standard 92777, and an
approximate number average diameter of 10 micrometers estimated from scanning
electron microscope images obtained using a LEO 435 VPe scanning electron

microscope.

15  Second surface-reacted natural calcium carbonate:

A finely divided natural calcium carbonate originating from Molde, Norway, was
suspended to achieve a suspension of approximately 16 % by weight of dry matter.
The slurry thus formed is then treated by slow addition of phosphoric acid at a

20  temperature of approximately 55°C, sufficient to provide a product featuring a BET
specific surface arca of 50 m ?/g according to ISO standard 92777, and an
approximate number average diameter of 20 micrometers estimated from scanning
electron microscope images obtained using a LEO 435 VPe scanning electron
microscope.

25

The results are shown in Table 2.




Untreated suspension 6 * 105 Suspension after filtering through paper
filter 6 * 105 Suspension after filtering through filter |ayer made of
surface-reacted cal cium carbonate 7 * 103 The results indicate that the
use of the surface-reacted natural cal cium carbonate reduced the gc. m
count by a factor of 100. 5 Exanple 3 In Exanple 3, river water was
subjected to the purification nethod of the present invention. 100 ppm
surface-reacted natural calcium carbonate and 4 pprn 10 polyal um ni um
chloride were suspended in a river watgp_sanple. After two minutes, the
floccul ated solids were filtered off éng"the filtrate was anal ysed for its
content of iron and nanganese. The surface-reacted natural cal cium
carbonate used in Exanple 3 was prepared as 15fol | ows:

Table 2: Filtration of barm suspension through different filter materials

Germ count of suspension (cfu/ml)

Untreated suspension 6+ 10°
Suspension after filtering through 6%10°
paper filter

Suspension after filtering through filter
layer made of surface-reacted calcium
carbonate

7 % 10°

The results indicate that the use of the surface-reacted natural calcium carbonate

reduced the germ count by a factor of 100.

Example 3

In Example 3, river water was subjected to the purification method of the present

invention. 100 ppm surface-reacted natural calcium carbonate and 4 ppm
10  polyaluminium chloride were suspended in a river water sample. After two minutes,
the flocculated solids were filtered off and the filtrate was analysed for its content of

iron and manganese.

The surface-reacted natural calcium carbonate used in Example 3 was prepared as

15 follows:

A finely divided natural calcium carbonate originating from Vermont, U.S.A,
containing 800 ppm of magnesium oxide and 2500 ppm anionic polyacrylate
dispersant per equivalent dry gram of calcium carbonate, was suspended to achieve a

20  suspension of approximately 16 % by weight of dry calcium carbonate. The slurty
thus formed is then treated by slow addition of phosphoric acid at a temperature of
approximately 55°C, sufficient to provide a product featuring a BET specific surface
area of 68 m%/g according to ISO standard 92777, and a d50 of 10 micrometers

measured by means of the Sedigraph™ 5100 from Micromeritics™ .



A finely divided natural cal cium carbonate originating from Vernont, U S. A
cont ai ni ng 800 ppm of magnesi um oxi de and 2500 ppm ani oni ¢ pol yacryl ate

di spersant per equivalent dry gram of cal cium carbonate, was suspended to
achi eve a 20 suspensi on of approximately 16% by wei ght of dry cal ci um
carbonate. The slurry thus fornmed is then treated by sl ow addition of
phosphoric acid at a tenperature of approximately 55C, sufficient to
~provide a product featuring a BET specific surface area of 68 nR/g
according to |1 SO standard 92777, and a 450 of 10 microneters neasured by
means of the Sedi graphTM 5100 from McroneriticsTM. - 17 - The results
are summari zed in Table 3. Table 3: Treatnent of river water with
surface-reacted cal ci um carbonat e Amount of iron (nmg/1l) Amount of
manganese (ung/l) River water sanple before treatnent 2.03 0.88 Ri ver water
sanple after treatnment 0.023

The results arc summarized in Table 3.

Table 3: Treatment of river water with surface-reacted calcium carbonate

Amount of iron (mg/) Amount of manganese
(mg/D)
River water sample 2.03 0.88
before treatment
River water sample after |0 023 0.104
treatment

The results clearly indicate that treatment with the surface-reacted natural calcium
carbonate significantly reduces the amounts of heavy metal ions such as iron and

manganese.

10  Example 4

A suspension of approximately 25 wt.-% based on the dry weight of finely divided
natural calcium carbonate originating from Omey, France, was prepared. The slurty
thus formed was then treated by slow addition of phosphoric acid at a temperature of

15  approximately 55°C.

The resulting slurry had a BET specific surface area of 60 m?/g according to ISO
standard 92777, and a dso of about 7 pum measured by means of the Sedigraph™
5100 from Micromeritics™ .

20
1. Adsorption of 17a-ethinylestradiol

170-ethinylestradiol (EE2) (> 98% pure) was used, which is supplied by Sigma
Aldrich (Bornem, Belgium) (article No. E4876).
25




0.104 5 The results clearly indicate that treatnment with the
surface-reacted natural cal cium carbonate significantly reduces the anounts
of heavy netal ions such as iron and manganese. 10 Exanple 4 A suspension
of approximately 25 wt.-% based on the dry weight of finely divided natural
cal cium carbonate originating from Oney, France, was prepared. The slurry
thus fornmed was then treated by slow addition of phosphoric acid at a
tenperature of 15approxi mtely 55C. The resulting slurry had a BET specific
surface area of 60 n2/g according to Iﬁ? standard 92777, and a d50 of about
7 um neasured by neans of the Sedi graph’m 5100 from McroneritiesTm. 20 I.
Adsorption of 17a-ethinylestradiol 17a-ethinylestradiol (EE2) (>98% pure)
was used, which is supplied by Sigma Al drich (Bonem Belgiun) (article No.
E4876). - 18 - a) Preparation of the test m xture A standard experi nent

was perfornmed usi f | ocedure: 5 0.4 g SRCC suspensi on havi ng
a solids conten?}g%négﬁ%ggy¥gdngmgéded to 7 m of 17a-ethinylestradiol

sol ution having different concentrations of 50, 100, 200, 500 and 1000 ug/1
and shaken for 30;8H8d expbrifient dabpdfneddsile A fdRwhng procedure:

5 0.4 g SRCC suspension having a solids content of 25 Gew.-% was added to 7 ml of
17(1—_ethinylestradiol solution having different concentrations of 50, 100, 200, 500
and 1000 pg/l and shaken for 30 min., 1 h, 2 h and 24 h at 25 °C.

b) Determination of the equilibrium concentration in the adsorption of 170~

10 ethinylestradiol onto the surface of surface-reacted calcium carbonate

For the determination of the equilibrium concentration of 170-ethinylestradiol with
respect to the adsorption onto the surface of SRCC, the initial and final concentration
after the addition of SRCC was measured at certain concentrations and treatment

15  (shaking) times. It can be taken from figure 1 that the adsorption of 170
ethinylestradiol onto the surface of SRCC was very fast and no change was observed
after 30 minutes for any concentration, which indicates that the adsorption

equilibrium is reached after 30 minutes, independently from the concentration.

20  The concentration was determined by the well-known method of HPLC (Column:
Gemini 5 um C18 / ODS C18; Eluent A: Water (45 %); Eluent B: Acetonitrile 55 %;
Eluent Type: Isocratic; Flow 1ml/min; Temp. 25 °C; Detection: UV-Vis Absorption
@ 205 nm)

25  ¢) Determination of adsorption isotherms of 17a-ethinylestradiol for several

adsorbents

For determining the efficiency of 17a-ethinylestradiol adsorption the adsorption
isotherms were determined.
30



b) Determ nation of the equilibriumconcentration in the adsorption of
17al10 ethinylestradiol onto the surface of surface-reacted cal ci um
carbonate For the determi nation of the equilibriumconcentration of
17a-ethinylestradiol with respect to the adsorption onto the surface of
nrc, the initial and final concentration after the addition of SRCC was
nmeasured at certain concentrations and treatnent 15(shaking) tines. It can
be taken fromfigure 1 that the adsorption of 17a- ethinylestradiol onto
the surface of SRCC was very fast and g change was observed after 30

m nutes for any concentration, which indicates that the adsorption

equi libriumis reached after 30 m nutes, independently fromthe
concentration. 20 The concentrati on was determ ned by the well-known nethod
of HPLC (Colum: Gemini 5 umCl8 / ODS C18; Eluent A: Water (45 9% ; El uent

B: Acetonitrile I : 10 n, 25C;
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descri bed HPLC rret hod, resulting in the equilib %31 concentrati on The

| ower solid phadéh ﬂ?aﬁ@@P&P@Hm%Vwﬁ@%&ﬁWHfgEﬁmH@S 20N PHATGH phase. The
SRCC 5 is dissokged. in a certain anmount of hydrochlorlc acid and the
concentration neasured with the above nentioned nmethod, resulting in the
adsor bed anmobunt per amount SRCC. Based on the findings above, an

equi libriumti nmBagfl od the flndisgsibexd, dncxuilibréund Omelef ler wasnadd fonthof t he adsor ption
i sot her m of 7a et hi.n S i rpore, the
adsor ption 9ot A& ‘%ﬁ'amnogteé%%%ﬁfn“mr %ﬁ&gg Fﬁg@%?ﬁﬁ%%wﬁ%%%ﬁ%&ﬁ? was
determ ned. TheSB&Ca for the activated carbon were neasured after 16 hours.
The 15 activated carbon used was the commercially avail able Lurgi Hydrafin
CC 8 x 30 (Donau Carbon GrbH & Co. KG Frankfurt am Main, Gernmany). |t has
a grain size of Forigrmae, 2hesdpruption irdthampenadivafedsrbepecting gs theyadsgbent

was determined. The data for the activated carbon were measured after 16 hours. The

15  activated carbon used was the commercially available Lurgi Hydrafin CC 8 x 30
(Donau Carbon GmbH & Co. KG, Frankfurt am Main, Germany). It has a grain size
0f 0.5 to 2.5 mm and a density of 480 * 50 kg/m’.

From figure 2, it can be taken that in terms of the adsorbed amount of 17a-
20  ethinylestradiol per amount of adsorbent in ng/g, the activated carbon is superior in

17a~ethinylestradiol adsorption.

However, in terms of adsorbed amount of 170-ethinylestradiol per surface area of
adsorbent as given in figure 3, it can be seen that SRCC shows the same level of
25  cfficiency in 17a-ethinylestradiol adsorption, which is markedly higher than that of

activated carbon.

These findings show that less activated carbon in terms of weight amount might be

needed for adsorbing 17a-ethinylestradiol, but that SRCC is more effective in terms




Fromfigure 2, it can be taken that in terns of the adsorbed anobunt of 17a-
20et hi nyl estradi ol per anmount of adsorbent in ng/g, the activated carbon is
superior in l1l7a-ethinyl estradi ol adsorption. However, in terns of adsorbed
anount of 17a-ethinylestradiol per surface area of adsorbent as given in
figure 3, it can be seen that SRCC shows the sanme | evel of 25efficiency in
17a-et hi nyl estradi ol adsorption, which is markedly higher than that of
activated carbon. - 20 - of its surface area, i.e. although it has a | ower
specific surface area, nore estrogen pegy surface area is adsorbed.
Furthernore, it was found that the use”0of SRCC together with activated
carbon 5 shows an unexpected synergy. 2. Adsorption of activated carbon

As mentioned in the description, activated carbon cannot be separated
easily from 10 water. However, surface-reacted calciumcarbonate is able to
clarify an act! YAt Qe nGathonho SHRRERRNAL IBhGShYifR! slithde bt Mbrd hiGogRParat i on of
the active carbon. ctirvate ar bon, ich 1s coomercially available
from Fl uka (artpepafaparc)Badsorbe. a. for gc; grain size 0.3 to 0.5 nm bul k
density 410 kg/nB) and the SRCC were 15 subjected to the foll ow ng

treatnment: 0.02 g activated carbon was added to SO,g water. Then, 0.2g SRCC
was added, and Firthesmossitovan fupd thatihensealSRGfateesiher grith othaigd oo i xture was

al l oned to settligws SHlegRuedineyt he upper phase was separated by
decanti ng.

2. Adsorption of activated carbon

As mentioned in the description, activated carbon cannot be separated easily from
10  water. However, surface-reacted calcium carbonate is able to clarify an activated

* carbon suspension nicely simplifying the separation of the active carbon.

Activated carbon, which is commercially available from Fluka (article No. 05112
(p.a. for gc; grain size 0.3 to 0.5 mm; bulk density 410 kg/m®) and the SRCC were

15  subjected to the following treatment:

0.02 g activated carbon was added to 30 g water. Then, 0.2g SRCC was added, and
the resulting mixture was shaken for 2 min. The mixture was allowed to settle.

Subsequently, the upper phase was separated by decanting,

20
From Figure 4, it can be taken that turbidity of the upper liquid phase could be
significantly reduced. The turbidity of pure activated carbon was constantly above
1000 NTU which is the maximal value which can be measured with this device (a
Hach 2100P Iso Turbidimeter).

25

The resulting composites can be easily separated, e.g. by filtration.

Figure 5 shows a SEM image of activated carbon.




From Figure 4, it can be taken that turbidity of the upper |iquid phase
could be significantly reduced. The turbidity of pure activated carbon was
constantly above 1000 NTU which is the maxi nal val ue which can be neasured
with this device (a Bach 2100P Iso Turbidineter). The resulting conposites
can be easily separated, e.g. by filtration. Figure 5 shows a SEM i nage of
activated carbon. - 21 - Figure 6 shows a SEMimage of activated carbon
and the SRCC. Figure 7 shows an enlargenent of Figure 6. 22 Clains 1. A
process for the purification of water, ,yherein surface-reacted natural

cal cium carbonate or an aqueous suspension conprising surface-reacted

nat ural cal ci um carbonate and having a pH of greater than 6.0, neasured at
20C, is added to the water to be purified, wherein the surface-reacted

nat ural cal cium carbonate is the reaction product of a natural cal cium
carbonate, car bpg,dikQidwie MR8 odctiPIMdad6h BRL the é’Rc@Fw%‘mm@@cor ding to
claim1, wherein the surface-reacted natural calciumcarbonate is added in
an anount of 10cysggmentofifiguraf. preferably 100 ppm- 0.5 wt.-% nore
preferably 400 ppnn - 2000 ppm based on the weight of the water to be
treated. 3. A process according to claim1, wherein the pH of the water to
be purified is adjusted to a value of > 6.5, preferably > 6.5, nore
preferably > 7 before being brought into contact with the surface-reacted
natural cal cium carbonate. 4. A process according to claim1l, wherein the
water to be purified is brought into contact wth the surface-reacted

nat ural cal ci um carbonate by surface filtration, depth filtration and/or
alluviumfiltration. 5. A process according to claim1l, wherein the water
to be purified is selected fromthe group conprising industrial waste

wat er, drinking water, urban waste water, waste water from breweries or

ot her beverage industries, water in the paper industry and agricultural
waste-water. 6. A process according to any of the preceding clains,
wherein the water to be purified contains heavy nmetal inpurities. 7. A
process according to any of the preceding clains, wherein the water to be
purified contains mcroorganisns as inpurities. 8. A process according to
any of the preceding clains, wherein the water to be purified contains EDC
inmpurities being selected fromthe group conprising endogenous hornones
such as 17p-estradiol (E2), estrone (El), estriol (E3), testosterone or

di hydro testosterone; phyto and nyco hornones such as 13-



+230 sitosterol, genistein, daidzein or zeral eon; drugs such as 1l7a-

et hi nyl estradi ol (EE2), nestranol (ME), diethylstilbestrol (DES), and

i ndustrial chem cals such as 4-nonyl phenol (NP), 4-tert-octyl phenol (OP),
bi sphenol A (BPA), tributyltin (TBT), nethylnercury, phthal ates, PAK or

PCB. 9. A process according to any of the preceding clains, wherein the
water to be purified contains activated carbon inpurities. 10. A process
according to any of the preceding clains, wherein the activated carbon
inmpurities have further inpurities adsorbed onto their surface. 11. A
conposite of surface-reacted cal ciumgarbonate for renoving inpurigies from
wat er, wherein the surface-reacted natural cal ciumcarbonate is a reaction
product of a natural calcium car bonaiﬁi carbon di oxi de and one or nore acids
and the inpurities removed fromthe 12. A conposite of
surface-reacted cal cium carbonate according to claim1l, wherein the
surface-reacted natural calciumcarbonate is prepared as an aqueous
suspensi oh ha\A prpaaspfordhe grueification ofawaterswheret sudadeyrepctest @aturdlan 7. 0 and
nmost pr ef @ladhycarbdnateeranraicatis 80spensibd. comprisimppsurfaceafastedf ace- r eact ed
cal ci um Cu«?ertbﬁalléél%m:ﬁ?@%éhaﬁe A% pAYIngfa pHhef pregedinag 6.bameasuretiatei n t he
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o sur ?ace f‘é %a Wk a7t rel fockiE oty ekl EPcAiBiFElbonatd, 2 compast te
cl ai s, qung aJE‘fB eﬁggﬁg) g% t 25C of 2.5 or less. 15. A conposite

of surface reacted cal ci um carbonat e accordl ng to clai mé Frei n the
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4. A process according to claim 1, wherein the water to be purified is
brought into contact with the surface-reacted natural calcium carbonate by
surface filtration, depth filtration and/or alluvium filtration.

5. A process according to claim 1, wherein the water to be purified is
selected from the group comprising industrial waste water, drinking water,
urban waste water, waste water from breweries or other beverage industries,
water in the paper industry and agricultural waste-water.

6. A process according to any of the preceding claims, wherein the water to
be purified contains heavy metal impurities.

7. A process according to any of the preceding claims, wherein the water to
be purified contains microorganisms as impurities.

8. A process according to any of the preceding claims, wherein the water to
be purified contains EDC impurities being selected from the group comprising
endogenous hormones such as 17B-estradiol (E2), estrone (El), estriol (E3),
testosterone or dihydro testosterone; phyto and myco hormones such as B-




.18.. A conposite of surface-reacted cal cium carbonate according to any of
the preceding claims, wherein the surface-reacted natural calcium carbonate
has a specific surface area of from5 n2/g to 200 nR/g, preferably from 20
n2/g to 80 nk/g, measured using nitrogen and the BET net hod according to

1 SO 9277. 19. A conposite of surface-reacted cal ci um carbonate accordi ng
to any of the preceding clains, wherein the surface-reacted natural calcium
carbonate has a nean grain dianmeter d50 of fromO0.1 to 50 pm preferably
from1l to 10 pm neasured according to the sedinentation nethod. 20. A
conposi te of surface-reacted calci um gar bonate according to any ofgthe
preceding cl ai ms, wherein the aqueous™suspension conprising surface-reacted
natural cal ciumcarbonate is stabilised with one or nore dispersant. 21. A
conposi te of surface-reacted cal cium carbonate acc%r ding to any of the

pr ecedi nitobterols genistain daidzein ouzeraleen; dEaSeHIChAsub /4 %‘%P%‘Fﬁ‘i‘?f‘%‘a bonate is
used in pEBARrméstranchMEYdiethytstibesroh{RES)gra industrial ghemigals gichtase
sur f ace- rpashythheabL(NR), detieet-ootylqzhdnohéDR), bisptieholnfe (BRA), drikutyltint he cl ains 1
to 20 forereet ehefiyimerced),i phthalates, PAK or PCB.

9. A process according to any of the preceding claims, wherein the water to
be purified contains activated carbon impurities.

10. A process according to any of the preceding claims, wherein the
activated carbon impurities have further impurities adsorbed onto their surface.

11. A composite of surface-reacted calcium carbonate for removing
impurities from water, wherein the surface-reacted natural calcium carbonate is
a reaction product of a natural calcium carbonate carbon dioxide and one or
more acids and the impurities removed from the water.

12. A composite of surface-reacted calcium carbonate according to claim 11,
wherein the surface-reacted natural calcium carbonate is prepared as an
aqueous suspension having a pH of greater than 6.5, preferably greater than
7.0 and most preferably 7.5, measured at 20°C.

13. A composite of surface-reacted calcium carbonate according to any of
the preceding claims, wherein the natural calcium carbonate is selected from
the group comprising marble, calcite, chalk, dolomite, limestone and mixtures
thereof.

14. A composite of surface-reacted calcium carbonate according to any of
the preceding claims, wherein the acid has a pKa at 25°C of 2.5 or less.

15. A composite of surface-reacted calcium carbonate according to claim 11,
wherein the acids are selected from the group comprising hydrochloric acid,

~ sulphuric acid, sulphurous acid, hydrosulphate, phosphoric acid, oxalic acid and
mixtures thereof.

16. A composite of surface-reacted calcium carbonate according to claim 11,
wherein the natural calcium carbonate is reacted with the acid and/or the
carbon dioxide in the presence of at least one silicate and/or silica, aluminium
hydroxide, earth alkali metal aluminate, magnesium oxide, or mixtures thereof.




24 0

17. A composite of surface-reacted calcium carbonate according to claim 16,
wherein at least one silicate is selected from an aluminium silicate, a calcium
silicate, or an alkali metal silicate.

18. A composite of surface-reacted calcium carbonate according to any of
the preceding claims, wherein the surface-reacted natural calcium carbonate
has a specific surface area of from 5 m?/g to 200 m?%/g, preferably from 20
m?/g to 80 m%/g, measured using nitrogen and the BET method according to
1SO 9277.

19. A composite of surface-reacted calcium carbonate according to any of
the preceding claims, wherein the surface-reacted natural calcium carbonate
has a mean grain diameter dsp of from 0.1 to 50 ym, preferably from 1 to 10
um, measured according to the sedimentation method.

20. A composite of surface-reacted calcium carbonate according to any of
the preceding claims, wherein the aqueous suspension comprising surface-
reacted natural calcium carbonate is stabilised with one or more dispersant.

21. A composite of surface-reacted calcium carbonate according to any of
the preceding claims, wherein the surface-reacted natural calcium carbonate is
used in powder form and/or in the form of granules.

22. Use of the surface-reacted natural calcium carbonate as defined in one
of the claims 1 to 20 for water purification.




